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Abstract
A general scattering problem of a plane electromagnetic wave on an
infinite cylindrical rod is formulated and solved in a form of Bessel func-
tions series expansion. The conductivity account via Ohm law directly in
Maxwell equation leads to complex wavenumber and hence the complex
arguments of Bessel functions inside the cylinder. The general formula
for averaged by period Pointing vector is derived. For numerical calcula-
tions asymptotics of Bessel functions are used. Dependence of scattered
wave intensity as function of angle and frequency is presented for different
values of the rod radius.
Keywords: electromagnetic waves, scattering problem; conducting cylin-
der, nanowires; state; PACS ;
1 Introduction
There is a long history related to problem of light scattering on dielectric and
conducting bodies, see e.g. [1]. Recent investigation apply the theoretical results
to a problems of nanowires parameters determination from optic measurements
[2]. The case of dielectric rod is studied in [3]
In this manuscript we develop the famous Mie theory to the case of infinite
conducting rod of radius r0 in somewhat manner similar to the cited [3], but
widen the problem statement and its solution. The conductivity is introduced
via direct account of Ohm law in Maxwell-Ampere equation, while the dielec-
tric dielectric permittivity supposed to be a real function of coordinates. We
state and solve the problem in cylindrical coordinetes. The conductivity and
permittivity supposed to be a function of radial variable to describe eventual
trasitional domain in a vicinity of the rod. Magnetic properties are trivial: the
magnetic permeability is considered as a constant, equal to 1.
We apply the theory to case related to [2], using appropriate asymptotics
of cylindrical functions, namely we consider scattering by thin (λ >> r0) con-
ducting rod (having in mind for example scattering of light on semiconductor
nanowires).
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2 Electromagnetic waves in conducting medium
2.1 Electromagnetic wave equation in cylindrically strat-
ified medium
The Maxwell equations for medium without space charges in the Lorentz-Heaviside’s
unit system (c - the velocity of light in vacuum)
∇ ·D = 0, (1a)
∇× E = −1
c
∂B
∂t
, (1b)
∇ ·B = 0, (1c)
∇× H = 1
c
∂D
∂t
+
4pi
c
J, (1d)
where the standard set of electric D,E and magnetic H,B, fields is used. The
material equations (of state) are assumed as for isotropic medium. We also
restrict ourselves by fixed frequency of incident and, hence, scattered wave:
D = E (2a)
H =
1
µ
B, (2b)
where the dielectric permittivity supposed to be a function of coordinates, while
magnetic permeability - constant,
 = (~r), (3)
µ = const. (4)
The current density for this isotropic case is given by the simple version of
Ohm’s law:
J = σE, (5)
where
σ = σ(~r). (6)
Indtroduce the fields complex amplitudes:
E =
1
2
[E(~r) exp (iωt) + E∗(~r) exp (−iωt)] , (7a)
D =
1
2
[D(~r) exp (iωt) + D∗(~r) exp (−iωt)] , (7b)
B =
1
2
[B(~r) exp (iωt) + B∗(~r) exp (−iωt)] , (7c)
H =
1
2
[H(~r) exp (iωt) + H∗(~r) exp (−iωt)] . (7d)
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Insert condtitions (7), (5) and (2) into the Maxwell’s equations (1), then the
following set of equations for amplitudes is obtained:
∇ · E = 0, (8a)
∇×E = − iω
c
B, (8b)
∇ ·B = 0, (8c)
∇×B =
(
iωµ
c
+
4piµ
c
σ
)
E, (8d)
as well as correspondent conjugated one.
Let us derive wave equation from the set of equation (8), differentiating as
∇×∇×E =
(
ω2µ
c2
− i4piωµ
c2
σ
)
E. (9)
The conjugate set of equations to (8) yields just a conjugation to (9).
Denote
(
ω2µ
c2 − i 4piωµc2 σ
)
as k2(~r).The left side of equation (9) is equal to
∇×∇×E = ∇ (∇ ·E)−∆E. (10)
From the equation (8a)
∇ · E = ∇ ·E + E · ∇ = 0,
so
∇ ·E = −E · ∇

= −E · ∇

, (11)
−∇
(
E · ∇

)
−∆E = k2(~r)E. (12)
A statement of standard scattering problem in such case includes boundary
conditions at infinity as prescribed asymptotics.
2.2 Energy density flux
The averaged flux density throughout the surface outside the rod is expressed
via Pointing vector:
Sscat =
c
4pi
1
τ
∫ τ
0
dtEscat ×Bscat. (13)
The flux density in terms of the introduced complex amplitudes (7):
E×B = 1
4
{E×B exp (2iωt) + E∗ ×B∗ exp (−2iωt) + 2<[E×B∗]} .
Integrals of exponent function over the time period gives 0. Hence:
S =
c
16pi
<[E×B∗]. (14)
3
3 Maxwell equations in cylindrical coordinates
3.1 Description of phenomena and its geometry
The topic of further considerations is diffraction of the light by an infinitely long
rod, hence all differential operators has a cylidrical symmetry and cylindrical
variables will be used in cylindrical coordinates r, ϕ, z . In the context we restrict
ourselves by the case of (~r) = (r), σ(~r) = σ(r). Moreover incidental wave is a
plane wave coming from infinity to 0 along x axis what causes that in general
the phenomena have a symmetry with respect to XZ plane, thus all derivatives
over z vanish ∂∂z ≡ 0. It means also, that all solutions have to satisfy following
condition f(ϕ) = f(−ϕ).
3.2 Cylindrical coordinates
For the clarity all neccesary formulas, which will be used during calculations,
are introduced in present section in terms of standard notations and unit vectors
rˆ, ϕˆ, zˆ . Gradient in cylindrical coordinates:
∇ = ∂
∂r
rˆ +
1
r
∂
∂ϕ
ϕˆ+
∂
∂z
zˆ, (15)
Divergence in cylindrical coordinates:
∇ ·E = 1
r
∂
∂r
(rEr) +
1
r
∂Eϕ
∂ϕ
+
∂Ez
∂z
, (16)
The curl operator:
∇×E =
(
1
r
∂Ez
∂ϕ
− ∂Eϕ
∂z
)
rˆ+
(
∂Er
∂z
− ∂Ez
∂r
)
ϕˆ+
1
r
(
∂
∂r
(rEϕ)− ∂Er
∂ϕ
)
zˆ, (17)
Laplacian (of a scalar field) in cylindrical coordinates:
∆ =
1
r
∂
∂r
(r
∂
∂r
) +
1
r2
∂2
∂ϕ2
+
∂2
∂z2
. (18)
Laplacian of a vector field E in cylindrical coordinates:
∆E =
(
∆Er − Er
r2
− 2
r2
∂Eϕ
∂ϕ
)
rˆ +
(
∆Eϕ − Eϕ
r2
+
2
r2
∂Er
∂ϕ
)
ϕˆ+ ∆Ez zˆ. (19)
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3.3 Generalized Helmnoltz equation and division of vari-
ables
Using formluas (18) and (19) leads to the following equations for each component
of the electric field amplitude:
−
(
1
r
∂
∂r
(r
∂Er
∂r
) +
1
r2
∂2Er
∂ϕ2
− Er
r2
− 2
r2
∂Eϕ
∂ϕ
+
∂
∂r
(
Er
∂ ln (r)
∂r
))
rˆ = k2(r)Er rˆ
(20a)
−
(
1
r
∂
∂r
(r
∂Eϕ
∂r
) +
1
r2
∂2Eϕ
∂ϕ2
− Eϕ
r2
+
2
r2
∂Er
∂ϕ
+
1
r
∂Er
∂ϕ
∂ ln (r)
∂r
)
ϕˆ = k2(r)Eϕϕˆ
(20b)
−
(
1
r
∂
∂r
(r
∂Ez
∂r
) +
1
r2
∂2Ez
∂ϕ2
)
zˆ = k2(r)Ez zˆ
(20c)
The last equation for zˆ coordinate and Ez component (20c) is independent of
any other components, that allows to use it as basic for further considerations.
The variables are separated by substituting Ez(r, ϕ) = R(r)Φ(ϕ), hence
1
R
r
∂R
∂r
+
1
R
r2
∂2R
∂r2
+ k2(r)r2 = − 1
Φ
∂2Φ
∂ϕ2
= ν2, (21)
where ν is a constant of separation. Consider equation for Φ
∂2Φ
∂ϕ2
= −ν2Φ. (22)
General solution of it is Φ(ϕ) = A1 exp (iνϕ) + A2 exp (−iνϕ), however the
symmetry via XZ plane reduces this solution, to
Φ(ϕ) = A exp (iνϕ). (23)
Function Φ(ϕ) must be continuous, and it has to satisfy the condition of
periodicity Φ(ϕ) = Φ(ϕ + 2pi). It means that the parameter ν is an integer.
Next, for each ν
r2
∂2R
∂r2
+ r
∂R
∂r
+ (k2(r)r2 − ν2)R(r) = 0. (24)
Despite deceptive similarity to the Bessel equation of integer order, the equa-
tion above is different because of a parameter’s k(r) dependence on radius co-
ordinate. The solution of (24) involves unknown constants, so the constant A
can be omitted. Then the basic expansion is defined by correspondent special
functions Rν(r)
Ez =
∞∑
ν=−∞
Rν(r) exp (iνϕ). (25)
Let us expand the rest components in Fourier series in exp (iνϕ):
Er =
∞∑
ν=−∞
Sν(r) exp (iνϕ), (26)
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Eϕ =
∞∑
ν=−∞
Tν(r) exp (iνϕ), (27)
because of the cyclic symmetry of the field. Plugging it into (20a) and (20b)
yields:∑
ν
[
1
r
∂Sν
∂r
+
∂2Sν
∂r2
− ν
2
r2
Sν − Sν
r2
− i2ν
r2
Tν +
∂Sν
∂r
∂ ln (r)
∂r
+ Sν
∂2 ln (r)
∂r2
+ k2(r)Sν
]
exp (iνϕ) = 0,
(28a)∑
ν
[
1
r
∂Tν
∂r
+
∂2Tν
∂r2
− ν
2
r2
Tν − Tν
r2
+
i2ν
r2
Sν +
iν
r
Sν
∂ ln (r)
∂r
+ k2(r)Tν
]
exp (iνϕ) = 0.
(28b)
Taking the linear independence of the exponents into account, and rearranging
it, one have
∂2Sν
∂r2
+
(
1
r
+
∂ ln (r)
∂r
)
∂Sν
∂r
+
(
∂2 ln (r)
∂r2
− ν
2
r2
− 1
r2
+ k2(r)
)
Sν − i2ν
r2
Tν = 0,
(29a)
∂2Tν
∂r2
+
1
r
∂Tν
∂r
+
(
−ν
2
r2
− 1
r2
+ k2(r)
)
Tν +
(
i2ν
r2
+
iν
r
∂ ln (r)
∂r
)
Sν = 0.
(29b)
Next, let us use the Gauss law from Maxwell equations (8a) and divergence (16)
to obtain the relationship between functions Sν(r) and Tν(r):
1
r
∂rEr
∂r
+ Er
∂ ln (r)
∂r
+
1
r
∂Eϕ
∂ϕ
= 0. (30)
Combining the results, we arrive at
Tν =
i
ν
[
r
∂Sν
∂r
+
(
1 + r
∂ ln (r)
∂r
)
Sν
]
(31)
Substitute formula for Tν into (29a)
∂2Sν
∂r2
+
(
3
r
+
∂ ln (r)
∂r
)
∂Sν
∂r
+
(
∂2 ln (r)
∂r2
+
2
r
∂ ln (r)
∂r
− ν
2
r2
+
1
r2
+ k2(r)
)
Sν = 0
(32)
Finally we have a representation for general solution of the problem via Sν . Let
us pick up formulas expressing all components of the electromagnetic E,B field.
Using the Maxwell equation (8b) expresses the magnetic field by
Bz =
ic
ω
1
r
(
∂
∂r
(rEϕ)− ∂Er
∂ϕ
)
, (33a)
Br =
ic
ω
1
r
∂Ez
∂ϕ
, (33b)
Bϕ = − ic
ω
∂Ez
∂r
. (33c)
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After substitution of expansions, we obtain
Bz =
ic
ω
∞∑
ν=−∞
(
∂Tν(r)
∂r
+
1
r
Tν(r)− iν
r
Sν(r)
)
exp (iνϕ), (34a)
Br = − c
ω
1
r
∞∑
ν=−∞
νRν(r) exp (iνϕ), (34b)
Bϕ = − ic
ω
∞∑
ν=−∞
∂Rν(r)
∂r
exp (iνϕ). (34c)
It is possible to check that plugging (2) and expressions Er, Eϕ, Ez into (8d)
with assistance of relation T of S (31), leads to the differential equations (29)
and (24), which were derived from Maxwell equations set.
4 Formulation and solution of scattering prob-
lem
4.1 Plane wave in cylindrical coordinates
Let outside the semiconductive rod vacuum. The medium is excited by a plane
wave that is coming from infinity to zero along x axis:
exp (ikoutr cosϕ) =
∞∑
ν=−∞
iνJν(koutr) exp (iνϕ), (35)
which is identified with the incident polarised wave:
E = Ez zˆ = zˆ
∑
ν
iνJν(koutr) exp (iνϕ). (36)
The correlated perpendicular magnetic field is given by
B = By yˆ = yˆ
∑
ν
iνJν(koutr) exp (iνϕ). (37)
Find projections of B on the rod surface
Br = rˆ ·B = rˆ · yˆBy = (cos(ϕ)xˆ+ sin(ϕ)yˆ) · yˆBy = sin(ϕ)By (38a)
Bϕ = ϕˆ ·B = ϕˆ · yˆBy = (−sin(ϕ)xˆ+ cos(ϕ)yˆ) · yˆBy = cos(ϕ)By. (38b)
Use Eulers formula; because
∞∑
ν=−∞
- summation index can be easily switched
ν ≡ ν + 1 or ν ≡ ν − 1
Br =
exp (iϕ)− exp (−iϕ)
2i
∑
ν
iνJν(koutr) exp (iνϕ) = −
∑
ν
ν
iν
koutr
Jν(koutr) exp (iνϕ),
Similarily
Bϕ = −
∑
ν
iν+1
kout
∂Jν(koutr)
∂r
exp (iνϕ).
7
4.2 Permitivity index as a step function
Working in polar coordinates, we divide the half axis [0,∞) to two domains
[0, a] - points iside a rod and [a,∞) with constant parameters  and σ.
4.2.1 Complete solution outside rod
Solution outside the rod consists of two fields: incidental wave denoted as Einc
and scattered one Escat.
Eout = Einc + Escat, (39)
Bout = Binc +Bscat. (40)
Incidental wave which has been already considered in the previous chapter, is
well knowm polarised plane wave. Now, general form of the refracted wave will
be derived by solving appropriate differential equations. We use the fillowing
choice for simplicity:
(r) = 1, µ = 1, σ(r) = 0, (41a)
hence
k2(r) = k2out, (42)
all quantities do not depend on r and are purely real. Taking above conditions
into account the equations are simplified. Equation (24) is a Bessel equation of
integer order, whose solutions are Bessel functions of the first and the second
kind.
Rν = A1Jν(koutr) +A2Yν(koutr). (43)
The equation (32) reduces to the form:
∂2Sν
∂r2
+
3
r
∂Sν
∂r
+
(
k2out −
ν2
r2
+
1
r2
)
Sν = 0. (44)
Substitution Sν =
1
r sν(r) leads again to the well known Bessel equation
r2
∂2sν
∂r2
+ r
∂sν
∂r
+ (k2outr
2 − ν2)sν = 0, (45)
so the solution is:
Sν =
1
r
(A3Jν(koutr) +A4Yν(koutr)) . (46)
Substituting it into (31) we get formula for:
Tν =
i
ν
(
A3
∂Jν(koutr)
∂r
+A4
∂Yν(koutr)
∂r
)
(47)
Both of Jν and Yν are bounded for large arguments, hence general solutions of
electric contributions at infinity are:
Ez =
∑
ν
(A1Jν(koutr) +A2Yν(koutr)) exp (iνϕ), (48a)
Er =
∑
ν
1
r
(A3Jν(koutr) +A4Yν(koutr)) exp (iνϕ), (48b)
Eϕ =
∑
ν
i
ν
(
A3
∂Jν(koutr)
∂r
+A4
∂Yν(koutr)
∂r
)
exp (iνϕ). (48c)
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Simplifying we got all components of magnetic field:
Bz = − ic
ω
∑
ν
[
A3
(
ik2out
ν
Jν(koutr)
)
+ A4
(
ik2out
ν
Yν(koutr)
)]
exp (iνϕ), (49a)
Br = − c
ω
1
r
∑
ν
ν (A1Jν(koutr) +A2Yν(koutr)) exp (iνϕ), (49b)
Bϕ = − ic
ω
∑
ν
(
A1
∂Jν(koutr)
∂r
+A2
∂Yν(koutr)
∂r
)
exp (iνϕ). (49c)
Now it is possible to write down explicit forms of polarized electric and magnetic
field outside the cylinder.
4.2.2 Solution inside
Analogously to the previous section we put
(r) = in, µ = 1, σ(r) = σin. (50a)
k2 =
(
ω2in
c2
− i4piω
c2
σin
)
= k2in (51)
In the case of stepfunctions, kin does not depend on radial coordinate but this
time it is a complex number. It does not change the form of the solutions,
the only difference is that the argument of the solutions is complex. Upper
bounds of solutions have to be limited, so Neumann function and its derivatives
contributions that blows up at zero must be suppressed. It gives
Ez =
∑
ν
A5Jν(kinr) exp (iνϕ), (52a)
Er =
∑
ν
1
r
A6Jν(kinr) exp (iνϕ), (52b)
Eϕ =
∑
ν
i
ν
A6
∂Jν(kinr)
∂r
exp (iνϕ). (52c)
Bz = − ic
ω
∑
ν
A6
ik2in
ν
Jν(kinr) exp (iνϕ), (53a)
Br = − c
ω
1
r
∑
ν
νA5Jν(kinr) exp (iνϕ), (53b)
Bϕ = − ic
ω
∑
ν
A5
∂Jν(kinr)
∂r
exp (iνϕ). (53c)
4.2.3 Polarization towards z
Explicit forms of polarised electric and magnetic field outside the cylinder yields:
2Eout =
[
zˆ
∑
ν
iνJν(koutr) exp (iνϕ) + zˆ
∑
ν
(A1Jν(koutr) +A2Yν(koutr)) exp (iνϕ)
]
exp (iωt)+
+
[∑
ν
(−i)νJν(koutr) exp (−iνϕ) + zˆ
∑
ν
(A∗1Jν(koutr) +A
∗
2Yν(koutr)) exp (−iνϕ)
]
exp (−iωt)
(54)
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2Bout =
[
−rˆ
∑
ν
iνν
1
r
1
kout
Jν(koutr) exp (iνϕ) +
−ϕˆ
∑
ν
iiν
1
kout
∂Jν(koutr)
∂r
exp (iνϕ)+
−rˆ
∑
ν
c
ω
1
r
ν (A1Jν(koutr) +A2Yν(koutr)) exp (iνϕ)+
− ϕˆ
∑
ν
ic
ω
(
A1
∂Jν(koutr)
∂r
+A2
∂Yν(koutr)
∂r
)
exp (iνϕ)
]
exp (iωt)+
+
[
−rˆ
∑
ν
(−i)νν 1
r
1
kout
Jν(koutr) exp (−iνϕ) +
+ϕˆ
∑
ν
i(−i)ν 1
kout
∂Jν(koutr)
∂r
exp (−iνϕ)+
−rˆ
∑
ν
c
ω
1
r
ν (A∗1Jν(koutr) +A
∗
2Yν(koutr)) exp (−iνϕ)+
+ ϕˆ
∑
ν
ic
ω
(
A∗1
∂Jν(koutr)
∂r
+A∗2
∂Yν(koutr)
∂r
)
exp (−iνϕ)
]
exp (−iωt)
(55)
2Ein =
[
zˆ
∑
ν
A5Jν(kinr) exp (iνϕ)
]
exp (iωt)+
[
zˆ
∑
ν
A∗5Jν(k
∗
inr) exp (−iνϕ)
]
exp (−iωt)
(56)
2Bin =
[
−rˆ
∑
ν
c
ω
1
r
νA5Jν(kinr) exp (iνϕ)− ϕˆ
∑
ν
ic
ω
A5
∂Jν(kinr)
∂r
exp (iνϕ)
]
exp (iωt)+
+
[
−rˆ
∑
ν
c
ω
1
r
νA∗5Jν(k
∗
inr) exp (−iνϕ) + ϕˆ
∑
ν
ic
ω
A∗5
∂Jν(k
∗
inr)
∂r
exp (−iνϕ)
]
exp (−iωt)
(57)
4.3 Boundary conditions on a rod surface for polarizations
along z,
Tangential components of electric and perpendicular contribution of magnetic
field must be continious on a surface of the rod. Components toward z and ϕ
axes are always tangential to the cylinder surface, what is universal, whatever
light polarisation is. Assume the wave polarisation is directed along z, then:
(Eout)zˆ|r0 − (Ein)zˆ|r0 = 0, (58a)
(Bout)rˆ|r0 − (Bin)rˆ|r0 = 0, (58b)
(Bout)ϕˆ
∣∣∣
r0
− (Bin)ϕˆ
∣∣∣
r0
= 0. (58c)
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Because exp (iωt) and exp (−iωt) are linearly independent, above conditions can
be separated:
(Eout)zˆ|r0 − (Ein)zˆ|r0 = 0, (59a)
(E∗out)zˆ|r0 − (E∗in)zˆ|r0 = 0, (59b)
(Bout)rˆ|r0 − (Bin)rˆ|r0 = 0, (59c)
(B∗out)rˆ|r0 − (B∗in)rˆ|r0 = 0, (59d)
(Bout)ϕˆ
∣∣∣
r0
− (Bin)ϕˆ
∣∣∣
r0
= 0, (59e)
(B∗out)ϕˆ
∣∣∣
r0
− (B∗in)ϕˆ
∣∣∣
r0
= 0. (59f)
Explicit form after substitution of the field components leads to the set of two
equations, which contain three unknown constants.
A5Jν(kinr0) = (i
ν +A1)Jν(koutr0) +A2Yν(koutr0), (60a)
A5
∂Jν(kinr)
∂r
∣∣∣∣
r0
= (iν +A1)
∂Jν(koutr)
∂r
∣∣∣∣
r0
+A2
∂Yν(koutr)
∂r
∣∣∣∣
r0
. (60b)
It gives us formula for amplitude inside rod
A5 =
iνJν(koutr0) +A1Jν(koutr0) +A2Yν(koutr0)
Jν(kinr0)
, (61)
and the relation between constants A1 and A2.
A2 = −(A1 + iν)
∂
∂r
(
Jν(koutr)
Jν(kinr)
)
∂
∂r
(
Yν(koutr)
Jν(kinr)
)
∣∣∣∣∣∣
r0
. (62)
As it is shown in the formula (62) there is a freedom in choosing explicit relation
of A1 and A2. By direct physical intuition, we choose constants such that
A2 = −iA1. (63)
Hence refracted wave would be described by a Hankel function of the first kind
H
(+)
ν (koutr) = Jν(koutr) + iYν(koutr). Hankel function tends to be a cylindrical
wave at infinity, so it is a good choice. Finally,
A5 =
iνJν(koutr0) +A1H
(2)
ν (koutr0)
Jν(kinr0)
, (64)
A1 = −iν kout (Jν−1(koutr0)− Jν+1(koutr0)) Jν(kinr0)− kinJν(koutr0) (Jν−1(kinr0)− Jν+1(kinr0))
kout
(
H
(2)
ν−1(koutr0)−H(2)ν+1(koutr0)
)
Jν(kinr0)− kinH(2)ν (koutr0) (Jν−1(kinr)− Jν+1(kinr0))
.
(65)
4.4 Properties and approximations of sum over A1(ν)
Assume r0 < 100A˚. Taking into account the physical values of introduced
parameters, it is possible to approximate estimated amplitude A1. While the
11
argument is small enough (koutr0 =
2pir0
λ
∼= 6·100A˚
6000A˚
= 0.1), Bessel functions tend
to be a monomials.
Jν(z) ≈
(
1
2z
)ν
Γ(ν + 1)
, ν 6= −1,−2, . . . (66a)
Hν(z) ≈ −i 1
pi
Γ(ν)(
1
2z
)ν , <(ν) > 0. (66b)
Next,
‖kinr0‖ = r0ω
c
4
√
2 + 16pi2
(σ
ω
)2
. (67)
There is one more restrictions imposed by formula (66), that is ν must be
nonnegative. Remember that the solution Ez requires sum over all integer
values of ν, from minus infinity to plus infinity. However, it can be easily check,
that A1(ν) is even or odd function for even or odd ν respectively:
A1(ν) = (−)νA1(−ν), (68)
so the constant can be approximated as follows:
A1 ≈ −iν
ipi
(
1
2koutr0
)2ν+2 (ν−1)
Γ2(ν+1)
((
kin
kout
)2
− 1
)
(
1
2koutr0
)2 − 2(ν2 − 1) (69)
Formula above should be used very carefuly, because it is no more even or odd
via ν.
4.5 Energy density flux evaluation
The Pointing vector
S =
c
16pi
<[E×B∗] = c
16pi
(−2<[EzB∗ϕ]rˆ + 2<[EzB∗r ]ϕˆ) , (70)
defines the instant energy density flux. We are interested in contribution toward
radial direction rˆ for big z.
(Sscat)rˆ = −
c
8pi
<[Escat,zB∗scat,ϕ], (71)
Asymptotics at large z is
H(2)ν (z) ≈
√
2
piz
exp
(
−iz + iνpi
2
+ i
pi
4
)
, (72)
hence
Escat,z =
∑
ν A1(ν)H
(2)
ν (koutr) exp (iνϕ) ≈√
2
pikoutr
exp
(−ikoutr + ipi4 )∑ν A1(ν) exp (iνpi2 ) exp (iνϕ),
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Bscat,ϕ = −
∑
ν
ic
ω
A1(ν)
∂H
(2)
ν (koutr)
∂r
exp (iνϕ) =
= −
∑
ν
ic
ω
A1(ν)kout
1
2
[
H
(2)
ν−1(koutr)−H(2)ν+1(koutr)
]
exp (iνϕ) ≈
≈ −
√
2
pikoutr
exp
(
−ikoutr + ipi
4
)∑
ν
iA1(ν) exp
(
i
νpi
2
)1
2
[
exp
(
−ipi
2
)
− exp
(
i
pi
2
)]
exp (iνϕ) =
= −
√
2
pikoutr
exp
(
−ikoutr + ipi
4
)∑
ν
A1(ν) exp
(
i
νpi
2
)
exp (iνϕ)
Denote A1 = −iνa1, then∑
ν
A1(ν) exp
(
i
νpi
2
)
exp (iνϕ) = −
∑
ν
a1(ν) exp (iνpi) exp (iνϕ),
Escat,zB
∗
scat,ϕ = −
2
pikoutr
∥∥∥∥∥∑
ν
a1(ν) exp (iνpi) exp (iνϕ)
∥∥∥∥∥
2
. (73)
Therefore
(Sscat)rˆ =
c
4pi2
1
koutr
∑
ν,ν′
(−1)(ν−ν′)a1(ν)a∗1(ν′) exp (i(ν − ν′)ϕ). (74)
4.6 Polarization toward y, the list of formulas
4.6.1 Fields
2Eout =
[
−rˆ
∑
ν
iνν
1
r
1
kout
Jν(koutr) exp (iνϕ) +
−ϕˆ
∑
ν
iiν
1
kout
∂Jν(koutr)
∂r
exp (iνϕ)+
+rˆ
∑
ν
1
r
(A3Jν(koutr) +A4Yν(koutr)) exp (iνϕ)+
+ ϕˆ
∑
ν
i
ν
(
A3
∂Jν(koutr)
∂r
+A4
∂Yν(koutr)
∂r
)
exp (iνϕ)
]
exp (iωt) + c.c
(75)
2Bout =
[
−zˆ
∑
ν
iνJν(koutr) exp (iνϕ) + zˆ
∑
ν
c
ω
k2out
ν
[A3Jν(koutr) +A4Yν(koutr)] exp (iνϕ)
]
exp (iωt) + c.c
(76)
2Ein =
[
rˆ
∑
ν
1
r
A6Jν(kinr) exp (iνϕ) + ϕˆ
∑
ν
i
ν
A6
∂Jν(kinr)
∂r
exp (iνϕ)
]
exp (iωt) + c.c
(77)
2Bin =
[
zˆ
∑
ν
c
ω
A6
k2in
ν
Jν(kinr) exp (iνϕ)
]
exp (iωt) + c.c (78)
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4.6.2 Boundary conditions on a rod surface for the polarization
(Bout)zˆ|r0 − (Bin)zˆ|r0 = 0, (79a)
out (Eout)rˆ|r0 − in (Ein)rˆ|r0 = 0, (79b)
(Eout)ϕˆ
∣∣∣
r0
− (Ein)ϕˆ
∣∣∣
r0
= 0. (79c)
k2in
k2out
A6Jν(kinr0) = (A3 − iν νkout )Jν(koutr0) +A4Yν(koutr0),
in
out
A6Jν(kinr0) = (A3 − iννkout )Jν(koutr0) +A4Yν(koutr0),
A6
∂Jν(kinr)
∂r
∣∣∣
r0
= (A3 − iννkout )
∂Jν(koutr)
∂r
∣∣∣
r0
+A4
∂Yν(koutr)
∂r
∣∣∣
r0
.
(80)
similar to the previous case,
A3 = −iA4.
A3 =
iνν
kout
(
k2in
k2out
) (
∂
∂rJν(koutr)
)
Jν(kinr)− Jν(koutr)
(
∂
∂rJν(kinr)
)(
k2in
k2out
)(
∂
∂rH
(2)
ν (koutr)
)
Jν(kinr)−H(2)ν (koutr)
(
∂
∂rJν(kinr)
)
∣∣∣∣∣∣
r0
.
(81)
4.6.3 Energy density flux
S =
c
16pi
<[E×B∗] = c
16pi
(
1
r
2<[EϕB∗z ]rˆ − 2<[ErB∗z ]ϕˆ
)
. (82)
We are interested again in contribution towards radial direction rˆ.
(Sscat)rˆ =
c
8pir
<[Escat,ϕB∗scat,z], (83)
H(2)ν (z) ≈
√
2
piz
exp
(
−iz + iνpi
2
+ i
pi
4
)
, (84)
Escat,ϕ =
∑
ν
i
ν
A3(ν)
∂H
(2)
ν (koutr)
∂r
exp (iνϕ) =
=
∑
ν
i
ν
koutA3(ν)
1
2
[
H
(2)
ν−1(koutr)−H(2)ν+1(koutr)
]
exp (iνϕ) ≈
≈
√
2
pikoutr
exp
(
−ikoutr + ipi
4
)∑
ν
i
ν
koutA3(ν) exp
(
i
νpi
2
)1
2
[
exp
(
−ipi
2
)
− exp
(
i
pi
2
)]
exp (iνϕ) =
=
√
2
pikoutr
exp
(
−ikoutr + ipi
4
)∑
ν
1
ν
koutA3(ν) exp
(
i
νpi
2
)
exp (iνϕ)
Bscat,z = − ic
ω
∑
ν
A3(ν)
ik2out
ν
H(2)ν (koutr) exp (iνϕ) ≈
√
2
pikoutr
exp
(
−ikoutr + ipi
4
)∑
ν
kout
ν
A3(ν) exp
(
i
νpi
2
)
exp (iνϕ),
A3 = i
νν
1
kout
a3(ν), (85)
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∑
ν
1
ν
koutA3(ν) exp
(
i
νpi
2
)
exp (iνϕ) =
=
∑
ν
1
ν
kouti
νν
1
kout
a3(ν) exp
(
i
νpi
2
)
exp (iνϕ) =
=
∑
ν
a3(ν) exp (iνpi) exp (iνϕ),
Escat,ϕB
∗
scat,z =
2
pikoutr
∥∥∥∥∥∑
ν
a3(ν) exp (iνpi) exp (iνϕ)
∥∥∥∥∥
2
, (86)
(Sscat)rˆ =
c
4pi2
1
koutr
∥∥∥∥∥∑
ν
a3(ν) exp (iνpi) exp (iνϕ)
∥∥∥∥∥
2
. (87)
5 Results discussion
The derived formulas for the z-polarization coincide with ones from [2] if one
take into account the relation
kin
kout
= n˜, (88)
and change notations as
a3(ν) = aν (89a)
a1(ν) = bν (89b)
QTM =
1
koutr
∥∥∥∥∥∑
ν
bν exp (iνpi) exp (iνϕ)
∥∥∥∥∥
2
=
1
koutr
∑
ν,ν′
(−1)(ν−ν′)bνb∗ν′ exp (i(ν − ν′)ϕ)
(90)
The main target of this paper is to derive and investigate dependence of scat-
tered wave on the material parameters and dimension of the rod. For thie
purpose a code and program were elaborated. Below we illustrate the results
of calcullations by plots (Figure 1). Authors use formulas for scattered light
integrated over the angle. But the observed scattered light only for 180◦. The
dependence on frequency is rather strong for nanowires. This property was used
in [2] to propose a method which allows to determine precisely the radius of a
wire. Our formalism gives a link to such physical constants as σ,  determination
by optical measurements.
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Figure 1: Dependence of scattering amplitude on frequency for two polarizations
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